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The relation between ambulatory myocardial ischemia and the 
results of exercise testing in patients with ischemic heart disease 
remains undefined, because of the dissimilar results of previous 
reports. To further investigate this issue and, in particular, to 
ascertain the importance of the exercise protocol in determining 
that relation, 70 patients with stable coronary artery disease 
underwent 48 h ambulatory electrocardiographic (ECG) monitor-
ing and treadmill exercise tests after withdrawal of medications. 
Patients exercised using two different protocols with slow 
(National Institutes of Health [NIH] combined protocol) and brisk 
(Bruce protocol) work load increments. Exercise duration was 
longer with the NIH combined protocol (14.1 ± 5 versus 6.8 ± 
2 min; p < 0.0001), but the maximal work load and peak heart 
rate achieved were greater with the Bruce protocol (9.8 ± 2 versus 
6.5 ± 2 METs, and 142 ± 19 versus 133 ± 22 beats/min, 
respectively; p < 0.0001). A close inverse correlation between 
exercise testing and the results of ambulatory ECG monitoring 
was observed using the NIH combined protocol; the strongest 
The episodes of myocardial ischemia that may occur during 
daily life in patients with coronary artery disease are often 
symptomatically silent 0-3) and their presence during 
ambulatory electrocardiographic (ECG) monitoring is be-
lieved to provide important prognostic information in pa-
tients with stable forms of ischemic heart disease indepen-
dent of that provided by the exercise stress test (4-6). Also, 
the lack of correlation between the assessment of myocardial 
ischemia by exercise testing and ambulatory ECG monitor-
ing reported in some studies (7-9) has supported the view 
that episodes of ambulatory ischemia are commonly trig-
gered by sudden reductions in coronary blood flow (2,10). 
However, the issues regarding the relation between the 
presence and magnitude of ambulatory myocardial ischemia 
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correlation was observed between time of exercise at 1 mm of ST 
segment depression and number of ischemic episodes (r = -0.86; 
P < 0.0001). With the Bruce protocol a significantly weaker 
inverse correlation was found (r = -0.35). The mean heart rate 
at the onset of ST segment depression was similar during 
monitoring and during exercise testing with the NIH combined 
protocol (97.2 ± 13 versus 101.0 ± 17 beats/min, respectively) but 
it was significantly higher (110.4 ± 13) when using the Bruce 
protocol (p < 0.001). 
These findings indicate that a relation does exist between 
ambulatory myocardial ischemia and the results of the exercise 
test but this relation is critically determined by the exercise 
protocol and is better observed with protocols that produce slow 
work load increments. These observations raise questions about 
the independent value and usefulness of ambulatory ECG moni-
toring in patients with stable ischemic heart disease. 
(J Am Coil CardioI1991;17:657-63) 
and the results of the exercise stress test are largely unre-
solved because previous studies have shown both a good 
01-13) and a poor (7-9) correlation. Resolution of these 
disparate results would be important because, if no such 
relation exists, identification of episodes of ambulatory 
ischemia would provide valuable independent information 
and. therefore, ambulatory ECG monitoring should be in-
cluded in the routine evaluation of patients with coronary 
artery disease. 
Although there are several explanations that can account 
for the dissimilar observations of previous reports, it is im-
portant to recognize that different exercise protocols were 
used in these studies (7-9,11-13). The present investigation 
was therefore designed to further analyze the relation between 
the presence and magnitude of myocardial ischemia dur-
ing daily life and the threshold at which ECG evidence of 
myocardial ischemia occurs during exercise testing (the 
ischemic threshold); in particular, we wished to establish 
whether the exercise protocol played a role in determining this 
relation. 
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Table 1. Description of the Two Exercise Testing Protocols Used in the Study 
Bruce Protocol NIH Combined Protocol 
Speed Grade Time of Exercise Speed Grade 
(mph) (%) METs 
1.7 10 4.6 
2.5 12 7 6 
3.4 14 10.1 9 
4.2 16 12.9 12 
5 18 15 15 
5.5 20 16.9 18 
6 22 19.1 21 
Methods 
Study patients. Seventy patients with stable coronary 
artery disease were included in this study, which was 
approved by the National Institutes of Health Investigational 
Review Board. Mean age was 59.8 ± 8 years (range 41 to 75); 
there were 53 men and 17 women. All patients had under-
gone cardiac catheterization as part of their evaluation for 
suspected coronary artery disease, chest pain syndrome or 
previous myocardial infarction. Coronary angiograms were 
interpreted by an independent reader; a significant stenosis 
was considered as ::::70% narrowing in the internal diameter 
of at least one major coronary artery. Twenty-six patients 
(37%) had single vessel disease, 24 (34%) had two vessel 
disease and the remaining 20 (29%) had involvement of all 
three major coronary vessels. Fifty patients were asymptom-
atic and the remaining 20 had stable symptoms. None had 
had a myocardial infarction in the 3 months before the study. 
Patients with left bundle branch block, those who were 
receiving digitalis and those who had any other form of 
cardiac disease were excluded from the study. 
After informed consent was obtained, tests were carried 
out after withdrawal of anti anginal medications for at least 
48 h. During ambulatory ECG monitoring, patients took 
sublingual nitroglycerin for chest pain but prophylactic ad-
ministration was not allowed. The ambulatory monitoring 
and exercise stress tests were performed within 72 h in 16 
patients, within 1 week in 21 patients and within 1 month in 
the remaining 33 patients. 
Exercise testing protocols (Table 1). Patients underwent 
two symptom-limited exercise tests, one using the standard 
Bruce protocol (14) and the second using the National 
Institutes of Health (NIH) combined protocol (15). In 42 
patients (60%) the exercise test with the NIH combined 
protocol preceded that with the Bruce protocol; in the 
remaining 28 patients (40%) the order was reversed. The 
NIH combined protocol utilizes a constant treadmill speed 
with gradual increases in slope during the first five stages 
(12.5 min) similar to the Balke-Ware (16) and Naughton (17) 
protocols; after the fifth stage both the treadmill speed and 
slope are increased at each stage. In particular, the NIH 
combined protocol employs slower increases in work load 
(min) (mph) (%) METs 
2.5 2.2 0 2.7 
5 2.2 2.5 3.4 
7.5 2.2 5 4.2 
10 2.2 7.5 4.9 
12.5 2.2 10 5.7 
15 2.3 12 6.6 
17.5 2.7 14 8.3 
20 3.1 16 10.2 
than does the Bruce protocol. For instance, at 5 min of 
exercise patients achieve 7 METs with the Bruce protocol 
but only half of that work load with the NIH combined 
protocol; similarly, subjects achieve 10 METs after exercis-
ing for 20 min on the NIH combined protocol, although they 
do so after only 9 min on the Bruce protocol. The NIH 
combined protocol has proved to be useful for the serial 
noninvasive evaluation of patients with coronary artery 
disease (15). 
Twelve-lead ECGs were obtained at rest, at every minute 
during exercise and at peak exercise. On the ECG, lead aVR 
was replaced by lead CMs. The exercise was terminated 
when chest pain, ST segment depression ::::4 mm, a decrease 
in blood pressure ::::20 mm Hg, ventricular tachycardia, 
extreme fatigue or shortness of breath developed during the 
test. A test was considered positive when planar or 
downsloping ST segment depression:::: 1 mm, at 0.08 s after 
the J point, was observed. 
When the exercise test was considered positive, the ECG 
tracings showing onset of ST segment depression and 
achievement of 1 mm of ST segment depression were 
identified. For the overall patient group the onset of ST 
segment depression, both on exercise testing and ambula-
tory ECG monitoring, was defined as the earliest ECG 
manifestation of repolarization changes characteristic of 
myocardial ischemia that preceded the development of more 
pronounced and definite changes in the ST segment. This 
early manifestation of repolarization abnormalities was usu-
ally recognized when the ST segment shift was 0.5 mm, 
although in some patients it was possible to identify ECG 
tracings showing even more minor changes (such as ST 
segment depression of 0.25 mm). Therefore, to ensure com-
parability of the readings, the ECG tracings from ambulatory 
monitoring and exercise testing were matched in retrospect 
for each individual patient so that the extent of repolariza-
tion changes, identified as the onset of ST segment depres-
sion, was similar for all tests. 
For the purpose of correlation with the results of ambu-
latory ECG monitoring, the ischemic threshold was then 
assessed from the exercise test in four separate ways: 1) 
heart rate at onset of ST segment depression, 2) time of 
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Table 2. Results of Exercise Testing Using Two Different 
Exercise Protocols in Patients with Stable Coronary 
Artery Disease 
NIH 
Bruce Combined 
Protocol Protocol 
Exercise duration (min) 6.8 ± 2 14.1 ± 5 
Maximal work load (METs) 9.8 ± 2 6.5 ± 2 
Peak heart rate (beats/min) 142 ± 19 133 ± 22 
Time at onset of ST ~ * (min) 3.2 ± 2 5.3 ± 3 
Heart rate at onset of ST ~ " 113 ± 14 102 ± 15 
(beats/min) 
Time at I mm ST ~ " (min) 4.9 ± 2 8.3 ± 5 
Heart rate at I mm ST ~ " 126 ± 16 112 ± 9 
(beats/min) 
p Value 
<0.0001 
<0.0001 
<0.0001 
<0.001 
<0.0001 
<0.0001 
<0.0001 
"Includes only 47 patients with abnormal exercise tests using both 
protocols. ST ~ = ST segment depression. 
exercise at onset of ST segment depression, 3) heart rate at 
1 mm of ST segment depression, and 4) time of exercise at 1 
mm of ST segment depression, 
Ambulatory ECG monitoring. Each patient underwent a 
48 h period of ambulatory ECG monitoring using lead CM5 
and modified lead II (11). Patients were instructed to carry 
out their normal daily activities and to keep a detailed diary 
of their activities, symptoms and consumption of sublingual 
nitroglycerin. Tapes were analyzed by an independent 
reader at 60 to 120 times normal speed, utilizing a Del Mar 
Avionics model 750A system. Printouts at a paper speed of 
25 mmls were obtained before, during and after any change 
in the ST segment level. An ischemic episode was defined as 
:2: 1 mm ST segment depression, at 0.08 s after the J point, 
lasting for :2: 1 min. Return of ST segment level to baseline 
for :2:3 min was required between two episodes. 
The magnitude of ambulatory myocardial ischemia was 
assessed in two separate ways: 1) the number and 2) the total 
duration of ischemic episodes during the period of monitor-
ing. For each ischemic episode the heart rate at the onset of 
ST segment depression was determined. In each patient with 
more than one episode during monitoring the values of heart 
rate at the onset of repolarization changes for each episode 
were averaged for the purpose of correlation with the heart 
rate at the onset of ST segment changes during exercise 
testing. 
Statistical analysis. Comparison of mean values on exer-
cise testing and ambulatory monitoring was performed using 
the paired t test. Increases in heart rate during the two 
exercise protocols were compared by using one-way analy-
sis of variance for repeated measurements. Proportions were 
compared by the chi-square test. Relation between different 
variables were assessed by means of Pearson's correlation 
coefficient. Different r values were then compared using 
Fisher's z transformation. Data are presented as mean 
values ± SD. A p value <0.05 was considered significant. 
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Table 3. Reasons for Termination of Exercise Treadmill Tests 
Using Two Different Exercise Protocols in 70 Patients With Stable 
Coronary Artery Disease* 
Bruce NIH Combined 
Protocol Protocol p 
Chest pain 32 (46%) 26 (37%) NS 
ST t 2: 4 mm 2 (3%) 6(9%) NS 
Fatigue or breathlessness 34 (48%) 38 (54%) NS 
Ventricular tachycardia 2 (3%) 0(0%) NS 
Decrease in blood 0(0%) 0(0%) NS 
pressure 2:20 mm Hg 
"Figures denote number of patients. ST t = ST segment depression. 
Results 
Exercise testing (Tables 2 and 3). As expected, patients 
exercised longer with the NIH combined protocol than with 
the Bruce protocol; however, the maximal work load and 
peak heart rate achieved were greater with the Bruce proto-
col (Table 2). No significant differences were found between 
the two exercise protocols with regard to the reasons for 
stopping the tests (Table 3). Increases in heart rate in 
relation to exercise time were significantly steeper during the 
Bruce protocol than during the NIH combined protocol (Fig. 
1). 
Ischemia developed during exercise testing in 47 (67%) of 
the 70 patients when using the NIH combined protocol and 
in 58 patients (82%) when using the Bruce protocol. None of 
the patients with a normal Bruce exercise test had an 
abnormal test when using the NIH combined protocol. In the 
47 patients in whom both exercise tests were abnormal, the 
time at onset and at 1 mm of ST segment depression were 
greater using the NIH combined protocol. Conversely, the 
heart rate at onset and at 1 mm ST segment depression was 
higher when using the Bruce protocol (Table 2). 
Ambulatory ECG monitoring. A total of 3,297 recorded 
hours were suitable for ST segment analysis. Forty-five 
patients (64%) had at least one episode of ST segment 
Figure 1. Increase in heart rate during treadmill exercise testing 
using the standard Bruce protocol (solid circles) and the NIH 
combined protocol (open circles) in 70 patients with stable coronary 
artery disease. As a consequence of faster increments in work load, 
the Bruce protocol produces more rapid increases in heart rate. 
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NIH Combined Bruce 
228 Neg. 23 pts 1 
Pos. 
47 pts 
Ischemic episodes during monitoring ~ ~~ 
Neg. 
12 pts 
Pos. 
58 pts 
Figure 2. Pie charts relating the results of ambulatory ECG moni-
toring and exercise testing with the NIH combined protocol (left 
panel) and the Bruce protocol (right panel). Most patients with a 
negative (Neg.) exercise test did not have episodes of myocardial 
ischemia during monitoring, which were frequently observed in 
patients with ST segment depression during exercise. Pos. = 
positive; pts = patients. 
depression during monitoring. A total of 321 ischemic epi-
sodes were recorded, 84% of which were silent. Average 
number of ischemic episodes per patient over the 48 h of 
recording was 4.4 (range, 0 to 18). The total duration of the 
ischemic episodes was 7,957 min (72% were silent) with a 
mean of 113 min per patient (range 0 to 955). 
Relation between exercise testing and ambulatory ECG 
monitoring (Fig. 2 and 3, Table 4). Only 1 (4%) of the 23 
patients with a normal exercise test using the NIH combined 
protocol and none of the 12 patients with a normal test using 
the Bruce protocol had ischemic episodes during ambulatory 
ECG monitoring (Fig. 2). Thus, 316 of the total 321 episodes 
of myocardial ischemia during monitoring (98%) were ob-
served in the group of patients with ST segment depression 
on exercise testing (p < 0.0001 when compared with patients 
with a normal exercise test using either protocol). With the 
NIH combined protocol, patients who had an abnormal 
exercise test showed a close inverse correlation between the 
ischemic threshold and the number and duration of ischemic 
episodes during ambulatory monitoring (Table 4). The stron-
gest correlation was observed when the ischemic threshold 
was taken as the time of exercise at 1 mm ST segment 
depression and the magnitude of ambulatory myocardial 
ischemia was assessed as the number of ischemic episodes 
(r = -0.86; p < 0.0001) (Fig. 3). Thus, patients in whom 1 
mm ST segment depression developed early during the 
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Figure 3. Correlation between the number of ischemic episodes 
during ambulatory ECG monitoring and the time at 1 mm of ST 
segment depression (ST ~ ) during exercise with the NIH combined 
protocol (top panel) and the Bruce protocol (bottom panel). Although 
both exercise protocols showed an inverse relation with the results 
of ambulatory monitoring. the correlation with the NIH combined 
protocol was significantly stronger. 
exercise test (low ischemic threshold) had several ischemic 
episodes during ECG monitoring. Conversely, patients in 
whom I mm ST segment depression occurred during the 
later stages of the test (high ischemic threshold) had few or 
no episodes. When using the Bruce protocol, a similar but 
weaker inverse correlation was found (Fig. 3). When the 
correlations between the two exercise protocols were com-
pared, the NIH combined protocol had a significantly stron-
ger relation with the results of ambulatory ECG monitoring 
than did the Bruce protocol for most of the variables selected 
(Table 4). 
Heart rate during exercise testing and ECG monitoring 
(Fig. 4 and 5). Analysis of the frequency distribution of 
heart rate at onset of ECG changes during ambulatory 
monitoring and exercise tests using both protocols showed 
Table 4. Correlation Between Myocardial Ischemia During Ambulatory ECG Monitoring and Ischemic Threshold Assessed From 
Exercise Testing Using Two Different Protocols in Patients with Stable Coronary Artery Disease 
Time of Exercise at Onset of 
Heart Rate at Onset of ST 1 SIt Heart Rate at 1 mm ST 1 Time of Exercise at 1 mm ST 1 
NIH NIH NIH NIH 
Bruce Combined p' Bruce Combined p* Bruce Combined p' Bruce Combined p' 
Ischemic 
episodes 
Number r = -0.21 r = -0.55 <0.05 r = -0.30 r = -0.74 <0.002 r = -0.22 r = -0.56 <0.05 r = -0.35 r = -0.86 <0.0001 
Duration r = -0.19 r = -0.49 0.1 r = -0.34 r = -0.59 0.1 r = -0.25 r = -0.52 0.1 r = -0.34 r = -0.69 <0.02 
'comparison between correlation coefficients obtained with the two exercise protocols. ST t = ST segment depression. 
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Figure 4. Frequency distribution curves of the heart rate at the 
onset of ST segment depression (ST t ) during ambulatory (Holter) 
monitoring (dotted line) and exercise testing with the NIH combined 
protocol (solid line) and the Bruce protocol (dashed line). Note the 
rightward shift of the Bruce protocol curve in relation to both the 
Holter monitoring and NIH combined protocol curves that share a 
similar distribution. 
that ambulatory monitoring and the NIH combined protocol 
shared a similar distribution (Fig. 4). In fact, the mean heart 
rate at onset of ischemic episodes during monitoring did not 
differ significantly from the mean heart rate at onset of ST 
segment depression during exercise testing using the NIH 
combined protocol (97.2 ± 13 versus 101.0 ± 17 beats/min, 
respectively). However, the frequency distribution curve for 
the Bruce protocol was displaced to the right (Fig. 4), so that 
the heart rate at which ST segment depression developed 
was significantly higher with the Bruce protocol (110.4 ± 13 
beats/min) than either with the NIH combined protocol or 
Figure 5. Correlation between the heart rate at onset of ischemic 
episodes during ambulatory monitoring and the heart rate at onset of 
ST segment depression (ST t ) during exercise testing with the NIH 
combined protocol (top panel) and the Bruce protocol (bottom 
panel). Both exercise protocols correlated with ambulatory ECG 
monitoring; however. the correlation for the NIH combined proto-
col was significantly stronger. 
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during ambulatory ECG monitoring (p < 0.0005 in both 
cases). Moreover, the average heart rate at onset of episodes 
of ambulatory myocardial ischemia for each patient signifi-
cantly correlated with the heart rate at onset of ST segment 
changes during exercise testing (Fig. 5); this correlation was 
close (r = 0.69) for the NIH combined protocol and signifi-
cantly weaker (r = 0.39) for the Bruce protocol (p < 0.001 
when both r values were compared). 
Discussion 
The relation between the presence and magnitude of 
episodes of myocardial ischemia during ambulatory monitor-
ing and the results of exercise testing in patients with 
coronary artery disease has been the subject of increasing 
interest (18). especially in the light of recent studies (4-6) 
suggesting that silent episodes of myocardial ischemia during 
daily life may convey important information independent of 
that provided by exercise testing. However, because previ-
ous studies have shown disparate results (7-9,11-13), this 
issue still remains largely unanswered. 
Relation between ambulatory ECG monitoring and exer· 
cise testing. The results of the present study indicate that a 
strong correlation between the frequency and duration of 
ambulatory myocardial ischemia and the ischemic threshold 
(the heart rate or the time of exercise at which ECG evidence 
of ischemia develops) assessed from exercise testing does 
exist, but such a correlation is critically determined by the 
exercise protocol. Thus, when the NIH combined proto-
col, which employs slow work load increments, is used: 
1) patients with a normal exercise test usually do not have 
episodes of myocardial ischemia during monitoring; 2) pa-
tients with a low ischemic threshold (that is, ST segment 
depression that develops early during the test at a relatively 
low heart rate) have many ischemic episodes during ambu-
latory monitoring; and 3) patients with a high ischemic 
threshold have few or no episodes. These findings are 
reinforced by the observation that, when the NIH combined 
exercise protocol was used, the mean heart rate at the onset 
of ST segment depression did not differ between ambulatory 
monitoring and exercise testing. Although a similar inverse 
correlation was found with the results of ambulatory ECG 
monitoring when using the Bruce protocol (Fig. 3), this was 
significantly weaker and did not achieve statistical signifi-
cance for some of the variables selected (Table 4). 
Analysis of different exercise protocols. The different re-
sults obtained by the two exercise protocols in the correla-
tion with the magnitude of myocardial ischemia as assessed 
by ambulatory ECG monitoring can be best explained by 
analysis of the effects of the diverse rate in work load 
increments during exercise. The brisk increments in work 
load employed by the Bruce protocol produce rapid in-
creases in the oxygen demands of the myocardium (Fig. 1). 
Because there must be some delay in the appearance of ECG 
changes once ischemia occurs, this rapid increase in myo-
cardial oxygen demands would allow the heart rate to 
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achieve relatively higher levels before ST segment depres-
sion develops and would result in the assessment of a falsely 
high ischemic threshold in some patients. This and the fact 
that the heart rate changes are compressed into a relatively 
brief time interval probably prevents the adequate separa-
tion of patients with diverse ischemic thresholds into appro-
priate subgroups, resulting in a poorer correlation with the 
findings of ambulatory monitoring. This would also explain 
why the heart rate at the onset of ST segment depression was 
significantly higher on exercise testing with the Bruce pro-
tocol than during ambulatory monitoring (Fig. 4), as also 
shown in several other studies (7-9). In contrast, the NIH 
combined protocol employs slower work load increments 
and therefore causes more gradual increases in myocardial 
oxygen demands (Fig. 1). This permits a more accurate 
approximation of the true ischemic threshold in each indi-
vidual patient because the occurrence of onset of ST seg-
ment depression is distributed over a wider range of heart 
rate and time of exercise. 
Such an analysis may account for the discrepancies in 
previous studies, as suggested by the fact that those reports 
failing to show a correlation between the results of exercise 
testing and ambulatory monitoring used the standard Bruce 
protocol (8,9) and those reporting a good correlation be-
tween the two tests (11-13) used the modified Bruce protocol 
(a slower work load protocol). This observation also sug-
gests that the strong correlation we found between the 
results of exercise testing and ambulatory ECG monitoring 
can probably be obtained with any exercise protocol that 
employs slow work load increments. 
Although it was not the purpose of this study to compare 
the sensitivity of different exercise protocols, it should be 
noted that the Bruce protocol proved to be more sensitive 
than the NIH combined protocol for detection of ischemia in 
our group of patients with known coronary artery disease; 
that is, a positive exercise test was more frequently observed 
with the Bruce protocol (Fig. 2). This difference is probably 
due to the higher work loads achieved by patients with this 
protocol (Table 2), which increased the possibility of detect-
ing ischemia during exercise. This observation suggests that 
the Bruce protocol is potentially more useful for the purpose 
of screening patients with suspected coronary disease. 
Clinical implications. Our findings may have important 
clinical implications relative to the value of ambulatory ECG 
monitoring in the assessment of patients with ischemic heart 
disease. First, according to the results of recent studies 
(4-6), the presence of episodes of ST segment depression on 
ambulatory ECG monitoring is believed to convey important 
prognostic information in patients with stable coronary 
artery disease, independent of the results of other noninva-
sive tests. However, the present study indicates that the 
results of ambulatory ECG monitoring can be largely pre-
dicted by analysis of the exercise test if the exercise protocol 
employs gradual work load increments; therefore, ambula-
tory ECG monitoring may not add substantial information to 
that obtained by exercise stress testing in most patients with 
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stable ischemic heart disease. Of note, studies showing that 
episodes of ambulatory myocardial ischemia provide inde-
pendent prognostic information have used the Bruce exer-
cise protocol (4-6), a fact that could have prevented ade-
quate stratification of patients according to their exercise 
ischemic threshold, therefore limiting the usefulness of the 
exercise test. 
Second, the discrepancies between the results of exercise 
testing and ambulatory ECG monitoring reported in previous 
studies (7-9) have supported the view that episodes of 
myocardial ischemia during daily life are largely a conse-
quence of significant reductions in coronary blood flow 
(2, to). Although the design of this investigation does not 
allow us to ascertain the mechanisms responsible for the 
occurrence of episodes of ambulatory myocardial ischemia, 
the observation that the heart rate at the onset of ST segment 
depression was similar during ambulatory ischemic episodes 
and during exercise testing when using the NIH combined 
protocol suggests that both forms of ischemia (on exercise 
testing and during monitoring) usually share a common 
trigger, that is, an increase in myocardial oxygen demand. 
This is further supported by the strong correlation observed 
between the ischemic threshold obtained by exercise testing 
and the frequency and duration of ambulatory episodes. This 
view does not exclude the occurrence of superimposed 
vasomotor changes that might also influence the ischemic 
threshold of spontaneous episodes of ischemia during daily 
life, as suggested by the observation that the heart rate at the 
onset of ischemic episodes during monitoring shows a wide 
variation in each individual patient (11). 
Limitations. Certain limitations in our study design must 
be acknowledged. First, our population comprised patients 
with angiographically documented coronary artery disease 
who were clinically stable and in most cases asymptomatic. 
Therefore, the results of our study cannot be extrapolated to 
other subsets of patients with ischemic heart disease, such as 
patients with angina at rest, those who have recently had a 
myocardial infarction or an exacerbation in their anginal 
pattern or those without significant narrowing of the epicar-
dial vessels. Second, because we could not measure the 
blood pressure by sphygmomanometry reliably every minute 
during exercise, such measurements were not taken into 
account for assessment of the ischemic threshold. This may 
have affected the interpretation of our results in certain 
patients because episodes of myocardial ischemia detected 
by radionuclide techniques can occur as a consequence of 
increases in blood pressure without significant changes in 
heart rate (19). However, the strong correlation we found 
between the heart rate at which myocardial ischemia occurs 
during exercise testing and ambulatory monitoring suggests 
that such episodes of ischemia are uncommonly detected by 
electrocardiography in patients with stable coronary artery 
disease. Finally, since all our study patients were withdrawn 
from their antianginal medications during the tests, we 
cannot be certain whether a similar correlation exists when 
patients are receiving medical therapy. However, Mulcahy 
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et al. (13), who included in their study patients who were 
receiving conventional anti-ischemic therapy, found that this 
treatment did not affect the relation between the results of 
ambulatory monitoring and exercise testing. 
Conclusions. Our study demonstrates that a strong cor-
relation exists between the frequency and duration of myo-
cardial ischemia during daily life and the ischemic threshold 
as assessed by exercise testing, but only when an exercise 
protocol is used that employs slow work load increments. 
The existence of such a relation suggests that episodes of 
myocardial ischemia during daily life in patients with stable 
ischemic heart disease can be largely predicted by exercise 
testing and therefore raises questions about the utility of 
ambulatory ECG monitoring as part of the routine evaluation 
of these patients. 
References 
I. Stern S, Tzivoni D. Early detection of silent ischemic heart disease by 
24-hour ECG monitoring of active subjects. Br Heart J 1974;36:481-6. 
2. Schang SJ, Pepine CJ. Transient asymptomatic ST segment depression 
during daily activity. Am J Cardiol 1977;39:396-402. 
3. Mulcahy D, Keegan J, Crean P, et al. Silent myocardial ischemia in 
chronic stable angina: a study of frequency and characteristics in 150 
patients. Br Heart J 1988:60:417-23. 
4. Rocco MB, Nabel EG, Campbell S, et al. Prognostic importance of 
myocardial ischemia detected by ambulatory monitoring in patients with 
stable coronary artery disease. Circulation 1988:78:877-84. 
5. Tzivoni D, Weisz G. Gavish A, Zin D, Keren A, Stern S. Comparison of 
mortality and myocardial infarction rates in stable angina pectoris with 
and without ischemic episodes during daily activities. Am J Cardiol 
1989:63:273-6. 
6. Deedwania PC, Carbajal EV. Silent ischemia during daily life is an 
independent predictor of mortality in stable angina. Circulation 1990:81: 
748-56. 
PANZA ET AL. 663 
PREDICTION OF AMBULATORY MYOCARDIAL ISCHEMIA 
7. Deanfield JE, Selwyn AP, Chierchia S, et al. Myocardial ischemia during 
daily life in patients with stable angina: its relation to symptoms and heart 
rate changes. Lancet 1983:2:753-8. 
8. Mody FV, Nademanee K, Intarachot V, Josephson MA, Robertson HA, 
Singh BN. Severity of silent myocardial ischemia on ambulatory electro-
cardiographic monitoring in patients with stable angina pectoris: relation 
to prognostic determinants during exercise stress testing and coronary 
angiography. J Am Coll CardioI1988:12:1169-76. 
9. Benhorin J, Tzivoni D, Moriel M, et al. Can exercise test parameters 
predict severity of ischemic changes during daily activities? (abstr). 
Circulation 1989:80(suppl 11):11-248. 
10. Cohn PF, Lawson WE. Characteristics of silent myocardial ischemia 
during out-of-hospital activities in asymptomatic angiographically docu-
mented coronary artery disease. Am J CardioI1987:59:746-9. 
II. Quyyumi AA. Mockus L, Wright C, Fox KM. Morphology of ambulatory 
ST segment changes in patients with varying severity of coronary artery 
disease: investigation of the frequency of nocturnal ischemia and coro-
nary spasm. Br Heart J 1985 :53: 186-93. 
12. Campbell S, Barry J, Rocco MB, et al. Features of the exercise test that 
reflect the activity of ischemic heart disease out of hospital. Circulation 
1986:74:72-80. 
13. Mulcahy D, Keegan J, Sparrow J, Park A, Wright C, Fox K. Ischemia in 
the ambulatory setting-the total ischemic burden: relation to exercise 
testing and investigative and therapeutic implications. J Am Coll Cardiol 
1989:14: 1166-72. 
14. Bruce RA. Exercise testing of patients with coronary artery disease. Ann 
Clin Res 1971:3:323-32. 
15. Kent KM, Bonow RO, Rosing DR, et al. Improved myocardial function 
during exercise after successful percutaneous transluminal coronary 
angioplasty. N Engl J Med 1982:306:441-6. 
16. Balke B, Ware RW. An experimental study of "physical fitness" of Air 
Force personnel. US Armed Forces Med J 1959:10:675-88. 
17. Naughton J. Balke B. Poarch A. Modified work capacity studies in 
individuals with and without coronary artery disease. J Sports Med Phys 
Fitness 1964:4:208-12. 
18. Epstein SE, Quyyumi AA, Bonow RO. Myocardial ischemia-silent or 
symptomatic. N Engl J Med 1988;318: 1038-43. 
19. Rozanski A, Bairey CN, Krantz DS, et al. Mental stress and the induction 
of silent myocardial ischemia in patients with coronary artery disease. 
N Engl J Med 1988;318: 1005-12. 
